Cassava/peanut intercropping is a popular cultivation method in southern China 21 and has the advantages of apparently increased yield and economic efficiency 22 42 102 had been previously used for monoculturing cassava.The tested soil was acid 103 red loam, the organic matter content, total nitrogen content, total phosphorus 104 content, total potassium content, available nitrogen content, available 105 phosphorus content and available potassium content of which were 16.2 g/kg, 106 1.34 g/kg, 0.53 g/kg, 12.6 g/kg, 70.5 mg/kg, 13.9 mg/kg and 98 mg/kg, 6 107 respectively. The pH value was 5.8. 108 Experimental design and management 109 On March 8, 2016, cassava and peanut were planted simultaneously in the field. 110 Monocultured cassava(MC) and monocultured peanut(MP) crops were the 111 controls, and cassava/peanut intercropping was the treatment group, which 112 were intercropped cassava(IC) and intercropped peanut(IP). For monoculture, 113 cassava was planted with a row spacing of 1.1 m × 0.8 m and with equivalent 114 line spacing. For monoculture, peanut was planted in narrow-wide row spacing. 115 The line spacing for peanut in the wide line was 0.5 m. The row spacing of the 116 peanut plants in the narrow row was 0.3 m × 0.16 m. For cassava/peanut 117 intercropping, two lines of peanut were planted between two lines of cassava. 118 The line spacing between cassava and peanut was 0.4 m. The row spacing for 119 cassava and peanut intercropping was 1.1 m × 0.8 m and 0.3 m × 0.16 m, 120 respectively. The experiment was arranged in plots (6 m×8 m) in a randomized 121 design with three replicates in each treatment. 122 Cassava and peanut respectively received different fertilizing amount in 123 seed furrow according to their growth demand before sowing. All peanut 124 treatments received 450 kg. ha −1 compound NPK granulated fertilizers 125 ( N-P 2 O 5 -K 2 O=15-15-15) and 750 kg. ha −1 fused calcium-magnesium 126 phosphate fertilizer( available P 2 O 5 18%) , and all cassava treatment only 127 received 750 kg. ha −1 compound NPK granulated fertilizers. The crops were 7 128 irrigated two times during crop growth, based on crop water requirement and 129 soil water content. Cultivating and weeding were done about two month after 130 sowing, and made sure that the experimental plot have not weed and prevent 131 soil compaction.
compared with monoculture, however, the ecological benefits of this method 23 are poorly understood. This study aimed to investigate the effects of 24 intercropping on the physicochemical properties and microbial community 25 structures of soil. Field trials were performed to determine the effects of 26 cassava/peanut intercropping on rhizospheric soil nutrient content, enzyme 27 activities, microbial quantity and microbial community structure. The microbial 28 community was characterized by 16S rRNA tag-based high-throughput 29 sequencing on the Illumina MiSeq platform. Results showed that 30 cassava/peanut intercropping could improve the physicochemical properties of 31 rhizospheric soil by increasing the available nutrient content, pH, bacterial 32 quantity, and some enzyme activities and by altering the microbial community 33 structure. 16S rRNA gene sequencing demonstrated that the microbial 34 community structure varied between the intercropping and monoculture 35 systems. Nitrospirae, Verrucomicrobia and Gemmatimonadetes were more 36 abundant in the intercropping system than in the monocultures. Redundancy 37 analysis (RDA) revealed that the abundances of DA101, Pilimelia and 38 Ramlibacter were positively correlated with environmental parameters such as 39 available nitrogen and pH, and these were dominant genera in the rhizospheric 40 soil of the intercropped peanut plants. 43 Intercropping is a global agricultural practice involving the growing of two or 44 more crops at the same yield during the growing season, and this method has 45 become increasingly important for the improvement of soil quality and to 46 increase crop productivity [1] [2] [3] . Intercropping has additional advantages, such 47 as efficient acquisition of nutrients, establishment of soil microbial diversity 48 and improved utilization of land resources [4, 5] . There have been several 49 intercropping systems developed to date, such as maize/peanut, wheat/cotton, 50 and wheat/maize [6] [7] [8] . 51 It has been reported in previous studies that intercropping can change the 52 soil microecology, as indicated by increasing farmland biodiversity [9] . 53 Intercropping can effectively improve the mobilization and uptake of nitrogen 54 (N), phosphorus (P), potassium (K), and micronutrients via interspecific 55 interactions in the rhizosphere[4, 10, 11]. In addition, legume/cereal 56 intercropping systems could improve the utilization of phosphorus (P) by root 57 exudation of organic acids from legume crops also improve legume nitrogen (N) 58 uptake by enhanced nodulation of legume crops [12, 13] . 59 Soil microbe and soil enzyme activities play important roles in nutrient 60 cycling, organic matter decomposition and suppression of soil-borne pathogens 61 in the rhizosphere ecosystem [14] [15] [16] . Plants can release root exudates, thereby 62 affecting the rhizosphere microbial community [17] . The potential activities of 63 soil enzymes can be influenced by changes in microbial community 4 64 composition. Due to the quantitative and qualitative differences between the 65 root exudates of intercropping and monocropping systems, differences in the 66 microbial communities can be observed [18] . Many studies have investigated 67 the changes in the biochemical and microbial characteristics of rhizospheric 68 soils caused by intercropping [1, 19] . For the alfalfa/rye intercropping system, 69 it has been found that intercropping can affect the soil microbial composition 70 and soil enzymatic activities [20] . By using phospholipid fatty acid (PLFA) 71 analysis, it was found that the soil urease and invertase activities and the soil shaken off and cohesive soils were brushed with a sanitized soft brush)were 137 collected , mixed and separated into three sealed virus-free bags, which were 138 kept in an icebox and taken to the laboratory. One bag was maintained in the 139 refrigerator at 4℃ and used for soil microbe determination. One bag was 140 maintained in the refrigerator at -80℃ and used for extracting soil DNA and for 141 high-throughput sequencing. The last bag was dried naturally, ground and 142 sieved for determining the nutrient content and soil enzyme activity. Soil enzyme activity was measured by colorimetry and titration [25] . 150 Catalase activity, sucrase activity, proteinase activity, urease activity and acid 151 phosphatase activity were measured by permanganate titration, sodium 152 thiosulfate titration, ninhydrin colorimetry, indophenol blue colorimetry and 153 the disodium phosphate benzene colorimetric method, respectively.
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Determination of soil microbial quantity 155 Soil microbial quantity was measured by the conventional microculture method 156 [26] . Bacteria, fungi and actinomycetes were cultured in beef extract-peptone 157 medium, Martin medium and Gao 1 medium, respectively. The between intercropped cassava (78.5% increase) and monocultured cassava was 258 significant. The proteinase activity in the rhizospheric soil of intercropped 259 cassava did not differ significantly from that observed for monocultured 260 cassava, decreasing by 21.5% (Fig. 2) . 261 Compared to monoculture, cassava/peanut intercropping improved the 262 catalase, sucrase, urease and acid phosphatase activities; however, 263 intercropping reduced the proteinase activity. Among the abovementioned 264 enzyme activities, urease activity was the one that was most affected in the 265 rhizospheric soil.
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Effects of cassava/peanut intercropping on the microbial quantity in the 267 rhizospheric soil 268 The bacterial abundance (27.5% increase), fungal abundance (2.5% increase), 269 actinomycete levels (53.1% increase), total microbial quantity (31.7% increase) 270 and microbial diversity index (9.3% increase) in the rhizospheric soil of the 271 intercropped peanut plants were all greater than those observed for the 272 monocultured peanut plants. Among these parameters, the bacterial abundance 273 and actinomycete levels increased greatly, and the difference was significant 274 ( Fig. 3a-e ). The bacterial abundance (10.9% increase) and fungal abundance (2.5% 281 increase) in the rhizospheric soil of intercropped cassava were slightly greater 282 than those observed for monocultured cassava, while the actinomycete levels, 283 total microbial quantity and microbial diversity index were marginally lower in 284 the rhizospheric soil of intercropped cassava than those observed for 285 monocultured cassava. The total microbial quantity and microbial diversity 286 index did not differ significantly between intercropped cassava and 287 monocultured cassava. It can be deduced that cassava/peanut intercropping is 288 much better than monoculture in terms of increasing the bacterial abundance 289 and actinomycete levels in the peanut rhizospheric soil. However, the 290 cassava/peanut intercropping system barely affects the total microbial quantity 291 in the cassava rhizospheric soil, demonstrating that the total microbe amounts 292 in the rhizospheric soils of intercrops vary with crops ( Fig. 3) . Fig. 4 and Fig. 5 , respectively. The taxonomic distribution at the 298 phylum level is described in Fig. 4 Microbial communities exhibit high correlation with intrinsic environmental 369 parameters. Therefore, RDA was used to examine the mechanism via which 370 microbes can adapt to the changes in physicochemical environments in situ. 371 Correlations between the important environmental parameters and the 372 microbial community was discerned by RDA, as shown in Fig. 6 . The length of 373 the arrow corresponding to an environmental parameter indicates the strength 374 of the environmental parameter in relation to the overall microbial community. 375 The RDA suggested that there were differences in the bacterial 376 communities in the different planting patterns. The results demonstrated that 377 available nitrogen, catalase, organic matter, sucrase activity, acid phosphatase 378 activity, urease activity, total nitrogen, pH, total potassium and available 379 potassium were positively correlated with the RDA axis 1 and were strongly 380 and significantly associated with the overall microbial community. In contrast, 381 the total phosphorus, available phosphorus and protease activity were 382 negatively correlated with the RDA axis 1. The results revealed that available 383 nitrogen, pH, catalase activity and sucrase activity had the greatest impact on 384 the microbial community. Additionally, the abundances of some microbial 385 genera, such as DA101, Pilimelia, and Ramlibacter (Fig. 7) , were positively 386 correlated with available nitrogen. These were also the dominant genera among 387 intercropped peanut plants (Fig. 4) . phosphatase activity, as shown in Fig. 2a , 2c and Fig. 3d, 3e , which can 418 improve the efficiency of the transformation of organic nutrients to effective 419 inorganic nutrients. Moreover, microbial community maybe play an important 420 role in improving soil nutrient of intercropping system. The phylum Nitrospirae, 421 Verrucomicrobia and Gemmatimonadetes were more abundant in the 422 intercropping soil than monocropping systems (Fig. 4) . The genera DA101, 423 Pilimelia and Ramlibacter were positively correlated with available nitrogen 424 ( Fig.7) . Therefore, the mechanisms of interaction between microbial 425 community and soil nutrient should be well worthy to be studied further. phosphorus content in the intercropping system. Our results showed that 505 intercropping could simultaneously increase the abundances of the three 506 dominant phyla ( Fig. 4) and pH, available nitrogen, and available phosphorus 507 content of the cassava rhizospheric soil (Fig. 1) . in which DA101 abundance was seen to be significantly positively correlated 560 with available nitrogen content, which is consistent with changes in the 561 abundance of the phylum Verrucomicrobia in the intercropping system (Fig. 4) . intercropped peanut than in that of monocultured peanut. In the cassava 585 rhizosphere soil, the abundances of bacteria and fungi for intercropped cassava 586 were slightly greater than those for monocultured cassava, while the 587 actinomycete levels, total microbial quantity and microbial diversity index 588 were marginally lower for intercropped cassava than for monocultured cassava. 589 None of the microbial factors differed significantly between intercropped 590 cassava and monocultured cassava. 
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